Purpose This study aims to describe the role of implementing good laboratory practices to improve in vitro fertilization (IVF) outcomes which are of great interest for practitioners dealing with infertility. Methods Certain modifications were introduced in May 2015 in our IVF laboratory like high-efficiency particulate air CODA system, steel furniture instead of wooden, use of new disinfectants like oosafe, and restriction of personnel entry along with avoidance of cosmetics like perfume to improve pregnancy rates. Volatile organic compound (VOC) meter reading was monitored at two time points and five different places in the laboratory to compare the embryonic development parameters before (group A: July 2014-April 2015) and after (group B: July 2015-April 2016) remodeling.
Introduction
Air quality is crucial for the success of in vitro fertilization (IVF), because the presence of volatile organic compounds (VOCs) and particulate materials are harmful for embryo development in vitro [1] . Studies have shown that various factors, such as air quality, temperature, light, and VOCs, in IVF laboratory are known to affect oocytes and embryos and therefore can have detrimental effects on pregnancy rate [1] [2] [3] . Embryonic growth and development is affected by direct attachment of VOCs to embryonic DNA and terminating its growth [1] . VOC is also associated with DNA fragmentation in human sperm [4] [5] [6] . Many practitioners of assisted reproductive technology (ART) are focusing on VOCs [2, [7] [8] [9] [10] , many of which can be detected by simple absorption and gas chromatographic or flame ionization detection and analysis. Construction materials are a major source of VOCs in IVF labs. Wood-based furniture release formaldehyde [11] . PVC flooring materials [12] and carpets [13] also release VOCs. Paints [14, 15] and adhesives (especially vinyl floor tile adhesive) release numerous VOCs, including aldehydes. Many cleaning products are also sources of VOCs, for example vinyl floor liquid wax which can contain lead [16] ammonia-based products such as glass cleaners and aerosol propellants such as butane or isobutane. Presently, many IVF laboratories are using ethanol as a disinfectant as it has a broad effect against bacteria, but it is also a known VOC. Autoclaved materials (e.g., drapes, instrument packs) can release VOCs when packs are opened for use. Cosmetics, especially perfumes, colognes, and aftershaves, are highly toxic to embryos in vitro, primarily due to evaporation of their solvent bases [17] . Finally, cigarette smoke contains several hundred volatile compounds including recognized carcinogens and mutagens [18] and high levels can contaminate Bfresh^air intakes if improperly located.
It is essential for IVF labs to set up an air filtration system that has the ability to filter hydrocarbon pollutants, chemically active compounds, and airborne pathogens. Air filtration system removes small inorganic gaseous molecules commonly known as aerosolized pesticides, like nitrous oxide (N 2 O) and sulfur dioxide (SO 2 ), as well as heavy metals such as lead, that can adversely affect embryo quality and, hence, clinical outcomes [3] . One of the sources for the transfer of particulate materials is punctuation of walls for plumbing and cables which allows migration of pollution from outside to laboratory area [19] . A carefully controlled sealed environment where the entry of particles and contaminants is significantly minimized may be achieved by highly filtered air being flushed through high-efficiency particle air (HEPA) filters under positive pressure [1] . Recently, oosafe, a quaternary ammonium compound [20] , has been introduced as a disinfectant for cleaning CO 2 incubators. Willium Lee [20] reported in his thesis that oosafe is non-toxic for gametes. Many IVF labs-even entire clinics-are now Bperfume-free^zones [3] .
Our study goal was to evaluate IVF outcomes using extended embryo culture after renovation of IVF suite and implementation of good laboratory practices and volatile organic compound filtration.
Material and methods

Study design
In this observational study, we have evaluated the efficacy of blastocyst formation, clinical pregnancy rate, implantation rate, and live birth rate along with VOC assessment before (group A: July 2014-April 2015) and after (group B:
July 2015-April 2016) remodeling of the IVF laboratory of our clinic. One thousand thirty-six IVF and intra-cytoplasmic sperm injection (ICSI) patients were included in our study where our patients had blastocyst transfer. Five hundred fourteen patients were included in group A and 522 in group B. We have also recorded the demographic profile of the patients included in both group A and group B. Long gonadotropinreleasing hormone agonist downregulation was used followed by ovarian stimulation by gonadotropins. Either ICSI or conventional insemination (30,000 to 40,000 motile sperm per oocyte) was done 5 to 6 h of ovum pickup followed by direct swim up technique of sperm preparation. Patients who underwent egg retrieval but had embryo transfer on days 2, 3, and 4 or no embryo transfer at all due to unavoidable reasons were excluded from our study. Frozen cycles were not included as many other factors play a role in embryo quality during freezing. The culture conditions for embryo culture were the same for the groups, that is, temperature, pH, oxygen concentration (5%), humidity, osmolality were maintained. The media used for embryo culture were purchased from Vitrolife Pvt. Ltd. (Göteborg, Sweden). The incubators used were conventional triple gas incubators. 
Ethical clearance
Remodeling of IVF laboratory
Reconstruction and addition of new facilities were introduced in the areas where gametes and embryos were handled. This included the embryology laboratory and also the associated areas (oocyte retrieval room, embryo transfer room, sperm process room). The size of the main laboratory is around 120 ft 2 . At the end of construction which was completed in 1 month, we waited for another 1 month to allow off-gassing before starting new IVF cycles. Wood-based furniture was replaced with steel. Anodized aluminum was used in doors. Epoxy paints were used on the floor instead of PVC flooring. Double-shield glass on the windows was used to make the room airtight. Aerosol/ammonia-based cleaning of IVF laboratory was strongly discouraged. IVF lab was established as a Bperfume-free^zone. Cosmetics were also avoided inside the laboratory. Earlier, the incubator was brought in use soon after installation (without burning in); however, later on, it was used after a burn-in period of 10 days. One CODA system was introduced in the main lab away from the incubators. Cleaning of all surfaces and doors, mopping of floors, and emptying of waste were done on a daily basis both in laboratories and adjacent areas. In place of alcohol, a recent disinfecting product named Oosafe® (SparMed, Denmark) was used for cleaning of tables and floors. Sinks were removed and drains were closed in the clean room areas. Separate entry for oocyte retrieval room and laboratory was made with a pass through window between the two. It was used for transfer of gametes and embryos between laboratory and operating room preventing mixture of air between the two. Entry of persons was restricted. Persons were not allowed to smoke in working hours. They had to change their dresses (cotton fabric) before entry and wear cap, mask, and shoe cover. Changing room was just adjacent to the entry door of laboratory. In addition, adhesive-covered mats were used at the entrance to laboratory to remove dirt and dust from the soles of shoes. Care was taken to avoid items which emit VOCs. Powder-free disposable gloves were used to handle gametes and embryos. Our laboratory system design is a stand-alone system that recirculates air.
VOC measurement
VOC levels were measured using a SASWELL VOC meter AQC910.1V-DO. It has an internal mix gas sensor which is VOC sensitive. VOC was measured in various locations within the embryology laboratory and other adjacent areas before and after remodeling. Monitoring was performed in three locations as shown in Table 3 (a.-beside the work station, b. and c.-in areas 1 and 2 between the incubators) inside the embryology laboratory and two locations in the ICSI room adjacent to the laboratory (d.-ICSI room near microscope, e.-ICSI room near incubator) throughout the study period (July 2014 to April 2016) but as an example, we have given data for seven consecutive days at the same time, prior to and after the lab remodeling. We prepared Table 5 considering two time points, one in the morning during ovum pick up and another in the evening. In the morning, 3-4 persons were present in the laboratory whereas only 1-2 persons were present during evening time. We have also measured that the humidity level in the VOC meter was around 40 to 45% throughout the day.
Assessment of fertilization and embryo quality
Following the changes to the laboratory, various embryogenesis parameters were assessed (i.e., blastocyst formation, clinical pregnancy, embryo implantation rates, and live birth rates) in our laboratory and compared with the same parameters before remodeling. Blastocyst was characterized by development of blastocoel in compacted embryo. One to two embryos were transferred on day 5 and other good quality supernumerary embryos were cryopreserved.
Pregnancy testing
Positive urinary β-human chorionic gonadotropin (β-HCG) after 14 days of embryo transfer was defined as biochemical pregnancy. Clinical pregnancies were confirmed by transvaginal ultrasonography at 6-7 weeks of gestation.
Statistical analysis
Data were presented as the mean ± SEM. Student's t test was done wherever applicable, and significance was expressed as a p value and 95% confidence interval of the difference. Statistical analyses were done using the software GraphPad InStat Version 3.06 (La Jolla, CA, USA).
Results
Out of 1036 patients that were included in our study, 514 underwent IVF/ICSI cycle before remodeling of the laboratory (group A) whereas 522 had IVF/ICSI cycle after renovation (group B). Baseline demographic parameters like age of the female partners, duration of infertility, basal hormonal profile, and number of embryo transferred are mentioned in Table 1 . No significant variation was found in the different baseline parameters between group A and group B. Table 2 includes cycle-specific details like number of oocytes retrieved, fertilization rate, number of embryos at cleave stage, blastocyst formation rate, and number of frozen embryos whereas Table 3 depicts IVF outcome in terms of clinical pregnancy rate, implantation rate, and live birth rate. Evaluating results over this period, there was demonstrable benefit of operating under these optimum laboratory environmental conditions, which resulted in improvement in all the parameters. Blastocyst formation rate increased around 18% after making changes in the laboratory. Previous to remodeling, the blastocyst formation rate was around 44.94% and it increased to around 62.83% afterwards with p ≤ 0.0001. Consequently, the implantation rate also improved from 31 to 42% with p ≤ 0.0015. Clinically successful pregnancies before and after VOC reduction (27.27 vs. 37.80%) varied significantly (p ≤ 0.0001). Simultaneously, the live birth rate also increased from 23 to 31% with p ≤ 0.0090. Table 4 represents the variation in VOC meter readings in parts per million (Bppm^) at different locations in the IVF laboratory before and after renovation. Renovation reduced the VOC levels in the IVF as well as the ICSI laboratory significantly. According to the VOC meter readings, workstation was found to be relatively free of organic compounds after remodeling. Figure 1 represents the locations where VOC was measured.
The variations in VOC meter readings (Bppm^) during morning and evening time before and after renovation are shown in Table 5 . Reconstruction depicts reduction in VOC meter reading at both the time points for all 7 days. However, in comparison to the evening time, readings are higher in the morning. The panels a, b, c, d, e mentioned in the figure corresponds to the locations mentioned in Table 4 .
There was increase in the number of good quality blastocysts; that is, blastocoels' cavity size was good and it appeared on time, increased cell number in inner cell mass, and increased compactness of trophectoderm cell layer. We have used Gardner classification system for grading the blastocysts [21] .
Discussion
This article describes the importance of VOCs on the IVF outcomes in the laboratory. Embryos are sensitive to the environment and VOCs are one of the vital factors affecting embryonic development. VOCs are hydrocarbon-based organic compounds that have a high vapor pressure at room temperature and so are detrimental for IVF outcomes. They are emitted by various laboratory instruments, furniture, perfumes, aftershave, cosmetics, smoking, etc. used by the persons working in the laboratory. According to the present day findings, VOCs (over 1 ppm) are directly toxic to embryos [22] . Ideally, VOC levels should be below 0.5 ppm for acceptable blastocyst development and reasonable pregnancy rates, but preferably zero. So, IVF laboratory should be constructed in such a manner that minimizes the production of VOCs and also where other conditions like temperature and humidity are controlled. Similarly, it is important to have valid monitoring system from time to time.
This IVF laboratory was established in 1999 and renovation was done in May 2015. A detailed study of various The p values indicate that the differences between the two groups are insignificant NS non-significant, S significant parameters was done before and after making changes in the laboratory and found a significant improvement in IVF outcomes after 2015. One of the major challenges was to control air quality inside the laboratory and to ensure that gametes are not in contact with toxic materials. Positive pressure airflow in the laboratory coupled with the use of air purification systems [23] may reduce the concentration of airborne particles and also reduces bacteria and other contaminants, since these microbes attach themselves to the air particles. Removal of these particles requires passing of air using positive pressure through filters having different porosities. High-efficiency particulate air (HEPA) filter is one of such filters which trap most of the microbial contaminants and thus purify air. We have also introduced new CODA filtration unit in our laboratory since the old CODA system filtration was non-functional and the filtration unit was not available. This contributed in improving air quality. According to Munch et al. 2015 , poor air quality affects embryo development leading to inferior IVF outcome [24] . Other studies also have demonstrated similar results like ours that is improvements in pregnancy and implantation rates after using the CODA system [25] .
In this embryology laboratory, we have installed one electronic VOC meter that can measure VOC level in ppm concentration accurately in the enclosed laboratory environment. VOC monitoring is a part of our quality control and we are recording it daily. We had measured the VOC values over the entire study period but here we had represented the data for a week as it remained almost similar throughout the study period. There were no drastic fluctuations in levels in either time period. Baseline parameters of the patients included in the study are shown in Table 1 . All the parameters were similar in terms of age, hormonal profile, dosage of gonadotropins, etc. The results in Table 3 showed that the number of embryos that developed to the blastocyst stage was significantly higher after changes in IVF laboratory. We had cultured the embryos till blastocyst stage which exposed them for a longer time to the laboratory environment. So, the effect of air quality on the extended culture was reflected more closely. The positive effects were seen not only on blastocyst formation rate but also on clinical pregnancy and live birth rates which increased significantly after renovation. Improvement in all the above parameters was statistically significant cueing towards the deleterious potential of the environmental toxicants. Similar effects were seen by many studies conducted in different parts of the world. Boone et al. [26] observed the increase in highquality embryos after improvement in air quality. Esteves et al. [27] also demonstrated better outcomes after ICSI cycles with strict air quality control. Clinical pregnancy rate after moving into the new laboratory was significantly higher than the old laboratory-42.6 versus 30.6% [28] .
After renovation, visible improvement was observed in the VOC readings at all the places as well as at different The p values indicate that the differences between the two groups are significant The p values indicate that the differences between the two groups are highly significant. The number of readings per site is 14 (readings have been taken for seven consecutive days at two time points: morning and evening)
time points compared in the table confirming that the changes in the laboratory were effective in reducing contamination in the vicinity of laboratory as depicted in Tables 4 and 5 . Human activities in and around the embryology laboratory are one of the major sources of contamination [15] . Various studies have demonstrated that maintaining clean conditions during oocyte retrieval and embryo transfer is one of the critical steps. This holds true for our study also as VOC readings were higher in the morning during ovum pickups when there were more number of persons around and gradually reduced over the day with decrease in number of individuals. So, after renovation, access was restricted in our laboratory. Separate entry was made for laboratory and operation theater with a pass through window between the two. The present results illustrate that attention must be focused on the construction material, furniture, paints, day to day cleaning, etc. It is recommended to use low odor specialized paints [29, 30] . Not only the main IVF laboratory room but also the adjacent areas like ICSI room, operation theater, and changing room play an important role. So, it is important to design laboratory cautiously [31] . It was observed in a study that Boosafe^had no deleterious effect on gametes and embryos and was better compared to alcohol which itself is a VOC [20, 32] . Oosafe disinfectant was found to be effective in cleaning the surfaces of tables, incubators, and floors and eliminating of microorganisms with no effect seen on embryo morphology and survival rate after the use of oosafe [20] . Further studies are required to establish the effectiveness of oosafe.
The overall effect of renovation of laboratory was prominent on the morphology of the blastocysts formed. According to Gardner and Schoolcraft, there were more grade 1 and grade 11 embryos after changing laboratory Fig. 1 The variations in VOC meter readings (Bppm^) during morning and evening time before and after renovation are shown in Table 5 . Reconstruction depicts reduction in VOC meter reading at both the time points for all 7 days. However, in comparison to the evening time, readings are higher in the morning. The panels a, b, c, d, e mentioned in the figure corresponds to the locations mentioned in Table 4 The two sets of data acquired on different days in the morning and evening time were compared separately for before and after renovation. Both the sets were considered extremely significant having p < 0.0001. Number of readings per site is 14 (readings have been taken for 7 consecutive days at two time points morning and evening). The mean 95% confidence interval between the two groups during morning is 16.271 and interval of difference between them is 14.106 to18.437. The mean 95% confidence interval between the two groups during evening is 13.057 and interval of difference between them is 11.571 to 14.543 practices in comparison to before renovation; so, the quality of embryos improved [21] .VOCs may significantly affect the embryo quality [1] and proper design of the laboratory is essential [31] . Air quality conditions were better in the new site and were associated with higher blastocyst formation, implantation, and live birth rates in couples undertaking treatment in our new facility. Effect of air particulate filtration system on embryo development is debatable. While Heitmann and his colleagues [5] and Morbeck et al. 2015 observed higher embryo development after improving air quality on the other hand, according to Esteves et al. [33, 34] , little is known about the benefits of particulate filtration system [35] [36] [37] . Other important issues like indoor air quality, equipment/ furniture, construction and disposable materials, cleaning agents used, and personnel are less explored areas. Therefore, in this study, we have focused on the abovementioned areas rather than the filtration system.
The strength of this study was the large sample size that had helped to draw an accurate conclusion. One of the limitations of this study was its retrospective nature. More of randomized controlled trials are required to assess the impact of air quality on IVF outcomes. Another drawback was the monitoring of VOC in ppm instead of parts per billion (ppb). Use of VOC meter with detection limit of ppb would have made the study more sensitive.
In conclusion, our study confirms that implementation of air quality control systems and acquisition of good laboratory practices improved IVF outcomes significantly. We therefore suggest that any potential hazards which expose laboratories to elevated concentrations of VOCs should be determined and consequently controlled. So, more sensitive and optimized methods for controlling air contaminations are warranted to improve pregnancy outcomes especially in extended culture. Further research for longer time period, use of more sensitive instruments, and optimized methodology are required to improve our understanding of IVF outcomes due to fluctuations in air quality.
